A study on the seasonal occurrence and within-plant distribution of Riptortus pedestris (Fabricius) (Hemiptera: Alydidae) and its two egg parasitoids was conducted to evaluate the effectiveness of parasitoids as a biological control agent in soybean fields. We sampled soybean plants during the planting seasons in 2007 and 2008 in Andong, Korea. Adult R. pedestris occurrence and egg deposition began at the R2-R4 stage of soybean. Nymphs started to appear during the R5 stage of soybean. Peak population densities of both eggs and adults were recorded in the R5 stage of soybean, whereas that of nymphs started in the R6 stage. Seasonal total parasitism by Ooencyrtus nezarae Ishii (Hymenoptera: Encyrtidae) was significantly higher than Gryon japonicum (Ashmead) (Hymenoptera: Scelionidae). For the withinplant distribution of R. pedestris eggs, 90% were found on leaves and 70% on the under-leaf surface. Egg parasitism by O. nezarae was higher on the leaf surface than on pods. Results suggest that R. pedestris starts to occur at the R2-R4 stages of field soybeans regardless of seed sowing time, and population density peaks after the R5 stage. Sampling eggs on leaves is an alternative method to measure R. pedestris populations in the field since most eggs are found on leaves. Since O. nezarae was synchronous with the bugs' occurrence, it would be a more efficient biological control agent of R. pedestris than G. japonicum.
INTRODUCTION
Riptortus pedestris (Fabricius) (Hemiptera: Alydidae) is a mobile stink bug. It is a major soybean pest which colonizes soybean plants by moving from various habitats in summer or autumn (Hirose et al., 1996) . R. pedestris causes significant damage to soybean pods in the reproductive stages (Ha et al., 1998; Son et al., 2000; Jung et al., 2008) . The native egg parasitoid guild that attacks R. pedestris in soybeans in Korea includes Ooencyrtus nezarae Ishii (Hymenoptera: Encyrtidae) and Gryon japonicum (Ashmead) (Hymenoptera: Scelionidae) (Huh and Park, 2005; Paik et al., 2007) . O. nezarae is a gregarious egg parasitoid of R. pedestris that parasitizes 13 species of hemipteran bugs (Hirose et al., 1996; Zhang et al., 2005) . G. japonicum is a solitary egg parasitoid that attacks a few stink bugs in the field (Hirose et al., 1996) .
Both parasitoids can play an important role in reducing R. pedestris population in the field.
As R. pedestris is a highly mobile insect, understanding the pattern of R. pedestris movement from other habitats to soybean fields is important for implementing pest management tactics. The time when R. pedestris colonizes soybean fields may vary due to a number of factors, such as planting date, soybean variety, age of soybean plant, and local weather conditions. Egg parasitoids may shift their habitat in response to R. pedestris movement, resulting in changes in both the temporal and spatial distribution of the parasitoids. If a parasitoid could synchronize with their hosts, its effectiveness as a biological control agent would increase; therefore, we investigated the phenology of host plants, R. pedestris, and egg parasitism in three soybean fields.
In addition, understanding the microhabitat dis-tribution of insect pests and their natural enemies is important for developing a timely management tactic. Information on the within-plant distribution of R. pedestris eggs and its egg parasitoids is not only necessary for the development of sampling techniques, but also important in determining the parasitoid's effectiveness. Takasu et al. (1998) reported the highest number of R. pedestris eggs on soybean leaves, followed by pods and stems. They also reported the asymmetrical distribution of egg parasitism by the two parasitoids: higher parasitism by O. nezarae was found on host eggs deposited on leaves while parasitism by G. japonicum was higher on host eggs deposited on pods (Takasu et al., 1998) . However, in a preliminary examination in Andong, Korea, we did not find this distribution of R. pedestris eggs in soybean fields, and found limited numbers of eggs on pods or stems. Thus, we studied the within-plant distribution of both R. pedestris eggs and their parasitism in three soybean fields.
MATERIALS AND METHODS

Field occurrence.
To study the population dynamics of R. pedestris and its egg parasitoids, three certified pesticide-free soybean fields in Pungsan (36°58ЈN, 128°57ЈE) and Dosan (36°74ЈN, 128°8 3ЈE) in Andong were selected in 2007. There was one site in Pungsan with the Daewonkong variety and two sites in Dosan with the Cheongjakong or Daepungkong varieties. Sampling was conducted every 8-12 d from August 2 to October 12 in 2007 when soybean plants were in the reproductive stage (R1-R8). Thirty randomly selected soybean planting units were examined to count R. pedestris eggs, nymphs, and adults. Life stages of the soybean plant were classified according to Fehr and Caviness (1977) in each field. For the examination of R. pedestris egg parasitism, R. pedestris eggs were collected and brought to the laboratory. Each egg was kept separately in microtubes (2 ml) at 26.6Ϯ0.8°C and 16L8D photoperiod in a growth chamber. Parasitoids that emerged from R. pedestris eggs were sexed and identified to family level using Goulet and Huber (1993) . Mineo (1981) was used for the identification of G. japonicum, and Zhang et al. (2005) was used for the identification of O. nezarae. If R. pedestris eggs did not produce any parasitoids, the host eggs were dissected to confirm parasitization status.
Within-plant distribution of R. pedestris eggs and its egg parasitoids. The distribution of R. pedestris eggs was investigated in 2007 and 2008 to determine the preferred oviposition site of R. pedestris within soybean plants. Oviposition sites within plants were categorized as the upper-leaf surface, under-leaf surface, pod, and stem. In 2007, thirty randomly selected soybean planting units from the three soybean fields described above were used to collect R. pedestris eggs. Sampling was conducted every 10-11 d from September 11 to October 12 while soybean plants were in the reproductive stage (R5-R8: the time of highest egg abundance). We replicated the experiment in 2008 in three different pesticide-free fields containing Cheongjakong, Seomoktaekong, and Seoritaekong varieties. Fifty randomly selected soybean planting units were examined. R. pedestris eggs were collected every 8-9 d from September 3 to October 8 while the soybean plants were in the reproductive stage (R5-R8). R. pedestris eggs collected from the fields were separated according to the plant part where they were collected. Eggs were kept individually in microtubes (2 ml) at 30.1Ϯ0.7°C and 16L8D photoperiod in a growth chamber. The identification of the parasitoid and the determination of parasitization status were carried out as described in the previous section.
Leaf hair density and length on three varieties of soybean. To explain asymmetry in the within-plant egg distribution of R. pedestris in the field, we compared leaf hair density and length between the under-leaf surface and upper-leaf surface in three soybean varieties. Leaves were collected from a field located at Songcheon (36°54ЈN, 128°78ЈE), Andong in 2009. A fully-grown leaf at the fourth-fifth node from the bottom of an R5 stage soybean plant was sampled from ten plants of Agakong, Cheongjakong, and Daewonkong. Hair density was determined by counting the number of trichomes on the under-leaf surface and upper-leaf surface using five leaf discs (diameter: 5 mm) per leaf under a stereomicroscope. The five leaf discs were sampled from the base, center, two lateral edges, and top. The length of the trichomes was measured from 10 leaf discs (five hairs per disc) on both leaf surfaces of all three varieties using Infinity Analyze (ver. 5.0; Lumenera Corporation, Ottawa, Canada).
Statistical analysis.
Seasonal total parasitism by R. pedestris egg parasitoids, the seasonal total proportion of male parasitoids, proportion of R. pedestris eggs found in soybean plants, and the seasonal total parasitism rate by its parasitoids were analyzed by the c 2 test of the contingency table and Tukey-type multiple comparison test for post-hoc comparison (Zar, 2010) . Trichome density and length were analyzed by the paired t-test between both sides of the leaf surface.
RESULTS AND DISCUSSION
Field occurrence of R. pedestris
The population dynamics of eggs, nymphs, and adults of R. pedestris on different varieties of soybean are presented in Figs. 1, 2, and 3. Field colonization by R. pedestris eggs and adults started as early as the second week of August (August 13 in Daewonkong and Daepungkong, August 22 in Cheongjakong) and the population peaked around the first week of September (September 3 in Daewonkong and Cheongjakong, September 11 in Daepungkong). The occurrence of nymphs began as early as the first week of September (September 3 in Daewonkong and Daepungkong, September 11 in Cheongjakong) and peaked in the first week of October. The soybean plants were in the R2-R4 stages when adult occurrence and egg deposition began. Nymphs started to appear in the R5 stage, although the date varied among soybean varieties. Peak population densities of eggs and adults were recorded in the R5 stage, whereas the peak population of nymphs started as early as the R6 stage. Oviposition of R. pedestris started in the period of pod formation and seed enlargement stages, i.e., R3 and R4 stages. Hirose et al. (1996) found that initial oviposition corresponded with the pod formation of soybeans, and continued until the soybean seed was fully developed and began senescence. Lee et al. (2004) also found that, regardless of the planting time, the occurrence of R. pedestris began at the R2 stage and the population peaked around the R6 stage; however, we found the peak population of R. pedestris in the R5 stage of soybean plants. The increased R. pedestris population during the R5 stage was apparent as seed formation begins at this stage, and R. pedestris prefers to pierce the pod and suck the content of soybean seeds (Kang et al., 2003) .
Based on our observations, it is appropriate to begin control action when soybeans start to produce pods. A monitoring program of R. pedestris using the flushing method, i.e., flushing adult bugs with a stick and recording data, suggested by Bae et al. (2007) can be incorporated into the management program. 
Field occurrence of parasitism by R. pedestris egg parasitoids
The seasonal parasitism by R. pedestris egg parasitoids in Daewonkong, Cheongjakong, and Daepungkong is presented in Figs. 1, 2 , and 3, respectively. The occurrence of parasitism by O. nezarae was observed from August 22, within 9 d from the first observation of egg occurrence in the three fields. Parasitism by G. japonicum was observed from September 3, within 21 d from the first observation of eggs occurrence in Daewonkong and Daepungkong fields, whereas parasitism by G. japonicum was observed at the same time as O. nezarae in the Cheongjakong field. Seasonal parasitism correlates with the population dynamics of R. pedestris eggs. Application of chemical pesticides two or three times at the R4-R6 stages of soybeans has been suggested to manage R. pedestris (Son et al., 2000; Lee et al., 2004) ; however, these applications may cause detrimental ef- Parasitism by O. nezarae occurred earlier than that by G. japonicum in the two locations, and O. nezarae occurred at the same time as the appearance of R. pedestris eggs. Hirose et al. (1996) also found synchrony in the occurrence of Piezodorus hybneri eggs and O. nezarae parasitism. The authors reported the appearance of O. nezarae in the field before the occurrence of R. pedestris eggs using a sticky suction trap as the sampling method. Synchronization of field activity and the life cycle of egg parasitoids with that of their hosts has been addressed in several studies (Orr, 1988) . Hirose et al. (1996) reported that the attack on R. pedestris eggs by O. nezarae was highest among egg parasitoids throughout most of the host oviposition period in two experimental years; however, Paik et al. (2007) reported that the parasitism rate on released eggs of R. pedestris by G. japonicum was 96% during early August to mid-October. The discrepancy between the results of Paik et al. (2007) and others, including this study, may be the result of various factors, such as regional or climatic differences and sampling methods.
Within-plant distribution of R. pedestris eggs in soybean field
Seasonal within-plant distributions of R. pedestris eggs in different varieties of soybean in 2007 and 2008 are presented in Jung et al. (2008) reported similar results on R. pedestris preference on oviposition sites in both field and laboratory experiments. They found that more than 90% of eggs were laid on the leaf. Of these, 70% were found on under-leaf surfaces. In the study of Takasu et al. (1998) , however, R. pedestris laid 52, 39, and 9% eggs on the leaf, pod, and stem, respectively. The discrepancy between this study and the work by Takasu et al. (1998) may be due to various factors, such as spatial and temporal variation. Interestingly, Heliothis spp. prefer laying eggs on the under-leaf surfaces of soybeans (Hassan et al., 1990; Duffield and Chapple, 2001) . The preference for under-leaf surfaces is related to the higher density of leaf pubescence on the under-leaf surfaces compared to upper-leaf surfaces (Hillhouse and Pitre, 1976; Navasero and Ramaswamy, 1991) . Higher trichome density sometimes interferes with insect behavior and may disturb host searching behavior of parasitoids (Van Lenteren et al., 1995; Sütterlin and Van Lenteren, 1997) . There have been several studies on the influence of trichomes or secretions from glandular trichomes on parasitoids (Seino and Kainoh, 2008) ; for example, the potato leafhopper parasitoid, Anagrus nigriventris Girault (Hymenoptera: Mymaridae), spent less time foraging and probing on alfalfa with glandular trichomes than alfalfa without glandular trichomes. Moreover, the parasitoid tends to fly off the stem with glandular trichomes (Lovinger et al., 2000) . Similar patterns, i.e., asymmetry in trichome density between both leaf surfaces, were found in three different soybean varieties (Table 3) ; however, the preference for oviposition site is not the only factor affecting the significantly higher abundance of R. pedestris eggs on under-leaf surfaces. Other biotic and abiotic factors may be present.
Examination of parasitism on R. pedestris egg within-plant distribution by its parasitoids
Seasonal within-plant parasitism of R. pedestris eggs by O. nezarae in three fields is presented in Table 4 . In the seasonal total, parasitism by O. nezarae on upper-leaf surfaces and under-leaf surfaces was higher than on pods or stems in Cheongjakong (c 2 ϭ19.118, dfϭ2, pϽ0.001). There was no statistical difference between the two leaf surfaces. Very low parasitism by G. japonicum was found in Cheongjakong, and within-plant parasitism was not statistically significant. There was no statistical difference in parasitism between upper-leaf and under-leaf surfaces in other two varieties of soybean; however, it should be noted that few eggs were collected from the upper leaf surface, pods, and stems in those varieties. In a study carried out by Takasu et al. (1998) , within-plant parasitism by G. japonicum was higher on pods than the leaf and stem. In contrast to this finding, G. japonicum parasitism was very low in our 2008 study. This discrepancy may be related to the number of host eggs collected on the pod or/and the low abundance of G. japonicum during the sampling period. Takasu et al. (1998) collected numer- ous host eggs from both leaves and pods; however, few eggs were collected from pods in our study. O. nezarae became abundant because they are a polyphagous parasitoid and are able to parasitize eggs of other stink bugs (Hirose et al., 1996; Zhang et al., 2005) , which might help them to increase their population more than oligophagous G. japonicum.
In conclusion, R. pedestris started to occur at the R2-R4 stages of soybean regardless of seeding time, and their population peaked after the initiation of seed formation inside the pod. Although R. pedestris is a mobile pest and immigrates to soybeans from other vegetation types, egg parasitism correlates very well with the population dynamics of R. pedestris. Thus, insecticide application at the R4-R6 stages of soybeans currently recommended for effective R. pedestris management can significantly interrupt parasitoid populations. From the results of this study and others, O. nezarae, a polyphagous and gregarious parasitoid of R. pedestris, seems to be a good biological control agent in the soybean field. O. nezarae appears before the occurrence of G. japonicum in the field, and its occurrence is synchronous to that of its host. Its development time is shorter than that of G. japonicum and is often most competitive in multiparasitized hosts (Takasu et al., 1998; Alim and Lim, 2009) . R. pedestris preferred under-leaf surfaces for oviposition, and parasitism by O. nezarae was higher on eggs collected from leaves. O. nezarae parasitized eggs collected from pods as well as from stems. 
